Partial sequences of the G protein gene of 33 isolates from antigenic group B of human respiratory syncytial virus were determined. Phylogenetic analysis indicated that the evolutionary pattern of group B viruses is similar to that previously described for isolates of antigenic group A, including worldwide distribution of related viruses and co-circulation of viruses from different lineages during the same epidemic. Dominance of AGM GA over UCM CU transitions was observed when G sequences of group B viruses were compared, as previously found in viruses from antigenic group A. Interestingly, differences in protein length, determined by the usage of alternative termination codons, were more pronounced in group B than in group A viruses. Changes in protein length correlated with the classification of viruses in different lineages. Thus, mutations that determined termination codon usage seem to have played an important role in the diversification of group B viruses.
Partial sequences of the G protein gene of 33 isolates from antigenic group B of human respiratory syncytial virus were determined. Phylogenetic analysis indicated that the evolutionary pattern of group B viruses is similar to that previously described for isolates of antigenic group A, including worldwide distribution of related viruses and co-circulation of viruses from different lineages during the same epidemic. Dominance of AGM GA over UCM CU transitions was observed when G sequences of group B viruses were compared, as previously found in viruses from antigenic group A. Interestingly, differences in protein length, determined by the usage of alternative termination codons, were more pronounced in group B than in group A viruses. Changes in protein length correlated with the classification of viruses in different lineages. Thus, mutations that determined termination codon usage seem to have played an important role in the diversification of group B viruses.
Human respiratory syncytial virus (HRSV) is the leading cause of severe lower respiratory tract infections in infants and very young children (Collins et al., 1996) . The virus is distributed worldwide and in temperate climates outbreaks of HRSV infections occur yearly as sharp peaks of activity in winter months. This epidemiological pattern differs in tropical countries where HRSV infections are distributed throughout extended periods of time, mainly during the rainy seasons (Heirholzer et al., 1994) . Although severe HRSV infections occur most frequently during infancy, there is growing evidence that HRSV is an important pathogen for the elderly Author for correspondence : Jose! Melero.
Fax j34 91 509 7919. e-mail jmelero!isciii.es and for immunocompromised adults (Fleming & Cross, 1993) . Reinfections are thought to be common even in normal adults (Dowell et al., 1996) .
Virus isolates were first classified into two antigenic groups by their reactivities with panels of monoclonal antibodies (Anderson et al., 1985 ; Mufson et al., 1985) . Subsequently, genetic studies demonstrated that the two antigenic groups corresponded to different genetic groups (Cristina et al., 1990) . Sequence studies of reference strains from both antigenic groups indicated that the attachment protein (G) of the virus is less conserved than other gene products, including the other surface glycoprotein (F) (Johnson et al., 1987) . Within each group, the G protein also showed the highest degree of antigenic and genetic diversity. Thus, recent studies on the molecular epidemiology of HRSV have focused onto the G protein because of its capacity to distinguish viruses that may be identical in other genes.
The antigenic and genetic variability of HRSV G glycoprotein from isolates from antigenic group A have been studied in great detail (Cane et al., 1991 ; Garcı! a et al., 1994 ; Cane & Pringle, 1995) . Several evolutionary lineages were identified among isolates of antigenic group A. Viruses from different lineages were isolated during the same epidemic and in the same place. Moreover, very similar viruses have been isolated in distant places and in different years (Garcı! a et al., 1994 ; Cane & Pringle, 1995) , indicating that group A viruses are disseminated worldwide and that viruses from several lineages can co-circulate during the same epidemic. Within each lineage, there was progressive accumulation of sequence changes with time (Cane & Pringle, 1995) . Positive selection of amino acid changes was observed in two hypervariable regions of the G protein ectodomain that flanked the putative receptorbinding site. This site has four cysteines included in a short conserved segment of the G protein ectodomain (Johnson et al., 1987) . One of the hypervariable regions, located in the Cterminal one-third of the G molecule, contained multiple epitopes recognized by monoclonal antibodies , suggesting that immune selection of new variants by 0001-5747 # 1999 SGM antibodies may be one of the factors contributing to the generation of HRSV diversity.
In general, group A viruses are isolated more frequently than viruses from antigenic group B but, in most epidemics, both antigenic groups co-circulate and in certain outbreaks isolates from group B predominate. Yet, there is limited published data about the genetic variability of the G glycoprotein from group B viruses (Sullender et al., 1991) . To fill this gap we have obtained partial sequences of the G protein gene from 33 group B viruses. Phylogenetic and statistical analysis were done and the results obtained were compared with previous data derived for group A viruses.
Before starting sequencing, we constructed several phylogenetic trees using windows of different lengths and the six nucleotide sequences of the G protein gene already available for HRSV group B isolates (Sullender et al., 1991) . The neighbour-joining method faithfully reproduced the tree derived from full-length sequences when windows of 200 or more nucleotides from the C-terminal half of the G protein gene were included in the analysis (data not shown). Thus, a segment encompassing nucleotides 521-766 (numbers refer to the published sequence of the CH18537 strain ; Johnson et al., 1987) of 33 group B isolates was amplified by RT-PCR and sequenced using $$P-labelled dideoxynucleotides and cycling sequencing as recommended by the manufacturer (Amersham). Two of the viruses included in the study were isolated in Sweden in the early 1970s and the others were isolated in more recent years in Montevideo (Uruguay), Madrid (Spain) or Zaragoza (Spain).
The sequences obtained were used to derive the phylogenetic tree of Fig. 1 . Sequences of six group B strains previously published by Sullender et al. (1991) were included in the analysis. The shape of the tree, with several well-delineated branches, resembles that of antigenic group A isolates (Garcı! a et al., 1994) . Related viruses were isolated in different places and in different epidemics (e.g. Mon\7\89 and Mad\1\91) whereas viruses from the same epidemic and city could be distantly related (e.g. Mon\16\91 and Mon\20\91). As noted previously, sequence divergence was higher at the amino acid than at the nucleotide level (Sullender et al., 1991 ; Garcı! a et al., 1994 ; Cane & Pringle, 1995) . For instance, CH18537 and Mon\12\92 viruses, which showed the highest level of divergence among those depicted in Fig. 1 , shared 89n4% of their nucleotide sequences but had only 85n2 % amino acid identity. We have noted previously that, as expected, transitions were more frequent than transversions when complete G gene sequences of group A viruses were compared pairwise. Moreover, AGjGA transitions were almost three times more frequent than UCjCU changes (Fig. 2 a) . This difference was maintained when the segment of nucleotides 521-766 from HRSV group A viruses was considered (Fig. 2 b) . The same dominance of AGjGA transitions was observed when the partial sequences of group B isolates from Fig. 1 were compared (Fig. 2 c) . Since the ancestor of any virus pair is unknown, forward and reversed nucleotide changes (i.e. AG and GA, CU and UC, etc.) were added together for the calculations of Fig. 2 .
We have argued that the bias towards AGjGA transitions may be related to the hypermutation events that were observed in HRSV escape mutants selected with certain anti-G monoclonal antibodies. Some of these mutants have multiple AG transitions that distinguished them from wild-type. Those reiterative changes apparently originated by unique mutational events that occurred during the selection process and were not the result of accumulative misincorporations (Rueda et al., 1994 ; Martı! nez et al., 1997) .
Local hypermutation events -similar to those observed in the escape mutants -occurring during replication of HRSV in its natural host may contribute to the dominance of AGjGA transitions among G sequences of virus isolates. In fact, indications of such hypermutations (reiterative changes) are found when sequences of closely related viruses are compared . The frequency of AGjGA transitions was, however, very similar to that of UCjCU transitions when sequences of group A and group B viruses were compared (Fig. 2 d ) . This indicates that the hypermutation events that might contribute to the bias towards AGjGA transitions were blurred by further changes (probably misincorporations) that accumulated during evolution of distantly related viruses.
Limited variation in protein length has been observed among the G protein of group A viruses (Garcı! a et al., 1994) and among seven G protein sequences of group B isolates previously available (Sullender et al., 1991) . To look for the evolutionary consequences of G protein length polymorphism, the sequences of 18 group B isolates from Fig. 1 were extended up to the C-terminal end. Interestingly, there were significant differences in protein length between virus isolates (292, 295 or 299 residues). In addition, a correlation of the G protein Changes involving the same nucleotides (e.g. UG and GU, UC and CU, etc.) were considered together in all panels, since the ancestor sequence for each virus was unknown. The percentage values were corrected for the base composition of an average sequence in each case. length and the position of viruses in the phylogenetic tree was observed (Fig. 1) . For instance, viruses with G proteins of 292 amino acids were clustered around the CH18537 strain. All these viruses represented archaic strains, isolated in the 1960s and 70s. Viruses isolated in the 1980s encoded proteins of 299 amino acids. Finally, most viruses isolated in the 1990s, but placed in different branches of the tree, encoded G proteins of 295 amino acids.
Differences in the G protein length were caused by the usage of alternative termination codons (Fig. 3) . Viruses that encoded proteins of 292 amino acids terminated at the first UAA triplet (nucleotide 892) of the three in-frame termination codons that are present in the CH18537 sequence. Changes in that UAA triplet to CAA led to the usage of termination codon UAG at position 901 and the generation of G proteins of 295 amino acids. The exception was NMex\1\89 which, despite terminating at the same UAG, encoded a protein of 296 amino acids due to the insertion of a single triplet after nucleotide 712. Finally, changes in the first and second termination codons led to proteins of 299 amino acids by usage of the UAG termination codon at position 913. Interestingly, viruses that use a given termination codon share also other changes in several positions. For instance, most viruses that encode proteins of 295 amino acids have U-C changes at positions 888 and 891. Those two changes, plus changes A-U, U-C and G-A at positions 897, 901 and 903, respectively, were shared by most viruses that encode G proteins of 299 amino acids.
The fact that viruses with G proteins of a given length share sequence changes in the termination codons, and in other positions, suggests that they originated by unique mutational events. It is conceivable that mutations affecting termination codon usage may have drastic consequences for the protein biological function. Consequently, those changes would be negatively selected most of the time. However, if by chance a mutation in one of the termination codons (with other accompanying mutations) generates a viable virus that is antigenically distinct, this new variant may have a significant advantage in being able to evade neutralization by antibodies pre-existing in the human population. If this were the case, the new variant would initiate a new evolutionary lineage where less drastic changes in other parts of the molecule (amino acid substitutions) may further accumulate. It is worth mentioning that several overlapping epitopes of the Long strain (antigenic group A) are eliminated by changes in any of the three Cterminal residues (Rueda et al., 1995) . If equivalent epitopes were present in antigenic group B viruses, they would be likely affected by changes in termination codon usage.
In conclusion, the evolutionary pattern of HRSV group B isolates is very similar to that of group A viruses. Since strainspecific monoclonal antibodies, equivalent to those used for the antigenic analysis of group A isolates, are not available we could not compare the antigenic and genetic relatedness of group B isolates. However, it is likely that, as observed with viruses from antigenic group A, accumulation of sequence changes at certain positions reflect immunological selection of new variants (Garcı! a et al., 1994 ; Cane & Pringle, 1995) . Both groups of viruses seem to utilize the same mutational mechanisms, including a bias of AGjGA transitions, for the generation of HRSV diversity.
In contrast to group A viruses, in which the use of two alternative and contiguous termination codons generated G proteins of 297 or 298 amino acids (Garcı! a et al., 1994) , more drastic differences in G protein length were noted among group B isolates. It is difficult to envisage the reasons for this particular aspect of group B viruses ; however, as stated before, group B viruses are generally less prevalent than group A in HRSV outbreaks. If this reflects a more restricted replication of group B viruses in their natural host, the selection of mutations in alternative termination codons may be favoured in a less competitive scenario if they represent an immune advantage.
In any case, our results highlight the relevance of termination codon usage as another genetic mechanism implicated in the generation of HRSV diversity.
